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Abstract
BACKGROUND
Obese patients (Ob) with a binge eating disorders (BED) behavior pattern have a higher prevalence of postprandial distress syndrome (PDS) compared to Ob without a BED behavior pattern, while an increase of PDS has been described in Ob after sleeve gastrectomy (SG). Hedonic response to a meal is dissociable from satiation in healthy subjects. Anhedonia is the lowered ability to experience pleasure. There are no studies investigating the presence of anhedonia in Ob with and without SG and its relationship to PDS symptoms. 

AIM
To assess the relationship among anhedonia, BED and upper gastrointestinal symptoms in two group of morbidly Ob with and without SG.

METHODS
Eighty-one Ob without SG, 45 Ob with SG and 55 healthy controls (HC) were studied. All subjects fulfilled the binge eating scale (BES) to investigate BED, the validated 14 items Snaith-Hamilton pleasure scale (SHAPS) to assess Anhedonia as well as the beck depression inventory-II (BDI II) and state trait anxiety inventory (STAI) questionnaires to screen for depression and anxiety. All patients underwent a standardized questionnaire investigating the intensity-frequency scores (0-6) of upper gastrointestinal symptoms and were diagnosed for the presence of functional dyspepsia (FD) and its subtypes according to ROME IV criteria. 

RESULTS
Ob without SG who were positive for BED had a 4.7 higher risk of FD compared to Ob without SG who were negative for BED (OR: 4.7; 95.0%CI 1.23-18.24; P = 0.02). STAI-Y2 scores were significantly higher in Ob without SG positive for BED (42.2 ± 1.5 vs Ob negative for BED: 39.6 ± 1 .0, P = 0.04), while SHAPS scores and BDI II did not differ in the two groups (1.16 ± 1.30 vs 0.89 ± 1.02, P = 0.49). A lower prevalence of BED (BES > 17: 11.4% vs 40.7%, P = 0.001) and BDI-II (6.8 ± 1.2 vs 13.8 ± 1.9, P = 0.005) was reported in Ob with SG than Ob without SG, on the contrary total mean scores of STAI-Y1 and STAI-Y2 were significantly higher in Ob with SG than Ob without SG. Thirty-five percent of Ob with SG fulfilled the diagnosis of FD. SHAPS mean scores and the prevalence of anhedonia did not differ among the two groups (18.2 vs 8.1%, P = 0.2). Fifty-four percent of Ob with SG achieved surgical success excess weight loss > 50%. Excess weight loss was negatively related to SHAPS total mean scores [adjusted B: -7. 099 (95%CI: -13.91 to -0.29), P = 0.04].

CONCLUSION
Ob without SG showed a higher prevalence of PDS, mood disorders and anxiety when positive for BE behavior compared to those negative for BE behavior, whereas no differences were found in SHAPS score. Ob with SG showed a higher prevalence of PDS compared to Ob without SG. Concerning psychological aspect, BED and depression are less frequent in the Ob with SG, while both state and trait anxiety are significantly higher. Moreover, the more an Ob with SG is anhedonic, less surgical success was achieved. 
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Core tip: Binge eating disorders (BED) co-occur with mood disorders and anxiety, whereas the relationship with anhedonia in obese patients undergoing sleeve gastrectomy (SG) is not known. We studied two group of morbidly obese patients with and without SG to assess the relationships among anhedonia, BED and functional dyspepsia. Our results suggest that a more regular screening for functional dyspepsia in SG candidates might help to disclose the presence of BED that may jeopardize postsurgical outcomes. Although anhedonia was not associated with BED in this study, worse surgical outcome was observed in patients with anhedonia independent of early satiety and postprandial fullness.

INTRODUCTION 
Obesity is increasing in industrialized countries[1]. Bariatric surgery (BS) for weight loss has emerged as an effective treatment of morbid obesity (Class II and III) since it accomplishes sustained weight loss, reduces obesity-related comorbidities and improves quality of life[2-4]. Among bariatric procedures, sleeve gastrectomy (SG) has increased in popularity and in 2014 became the most performed procedure in the world[5]. The association between obesity and some psychopathological features, specifically binge eating disorder (BED) is frequently present prior to surgery[6,7]. BED is characterized by recurrent episodes of binge eating and diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-V)[8]. It has been previously demonstrated that BED occurs in a subset ranging from 27% to 47% in patients with severe obesity undergoing BS[9] and may jeopardize postsurgical outcomes[10,11]. Obese patients (Ob) with BE behavior pattern have a higher prevalence of postprandial distress syndrome (PDS), a subtype of functional dyspepsia (FD) according to Rome III criteria[12] and, an increase of PDS has been described in Ob after SG[13]. FD is a syndrome characterized by the presence of chronic or recurrent symptoms invariably referred to the epigastrium, if no structural and/or biochemical alterations are detectable. The effect of specific patterns of eating behavior such as BED on the development of FD symptoms has not yet been completely defined[14]. From a physiological perspective, excessive intake of food over a relatively short time could potentially overcome the functional accommodation and emptying, contributing to the genesis of gastrointestinal symptoms in obese individuals[15]. Conversely, after SG the new onset of PDS might be linked to the decreased gastric capacity and altered duodenal sensitivity[13]. In obesity BED co-occur with a variety of psychiatric disorders, especially mood (49%), anxiety (41%) and substance use disorders (22%)[16]. Anhedonia, defined negatively as lack of and/or decreased capacity to experience pleasure[8], is considered one of the most indicative symptoms of mood disorders and depression[14,15]. It has been recently demonstrated that the presence of anhedonia, regardless of whether the participant had received a diagnosis of major depression, was associated with uncontrolled, emotional and binge eating. Moreover, weight loss was greater among participants without anhedonia[17]. 
We hypothesized that a vicious circle, aided by an eating disorder (ED) behavior and the presence of anhedonia may perpetuate upper gastrointestinal (GI) symptoms prior to surgery[18-20] and, eventually, influence the outcome of BS. Therefore, the objective of this study was to evaluate the relationship among anhedonia, BED and upper GI in morbidly Ob with and without SG. 

MATERIALS AND METHODS
Participants
Eighty-one Ob without SG and 45 Ob with SG, similar for age and sex, were recruited from an outpatient clinic devoted to surgical therapy of obesity and related disorders at San Giovanni Bosco Hospital, Naples, Italy and run by surgeons and gastroenterologists trained in the field. The study was approved by the Ethical Committee of the ASL Napoli Centro. Informed consent was obtained from all patients.
The inclusion criteria were Caucasian females and males between the ages of 18 and 75 years having the ability to understand and the willingness to comply with the study procedures. Exclusion criteria were serious, unstable medical condition, major psychiatric disorders, previous history of drug or alcohol abuse, previous major abdominal surgery with the exception of laparoscopic SG, laparoscopic cholecystectomy and appendectomy and pregnant women. 
Demographic characteristics (gender, age, smoking habits, school degree), anthropometric data [weight, height and body mass index (BMI)], and prevalence of comorbidities, such as, hypertension, dyslipidemia, type II diabetes mellitus, and respiratory diseases were individually collected. In Ob undergoing SG excess weight loss (EWL) was calculated[21] and the surgical success was defined as EWL > 50%[22]. Fifty-five healthy controls (HC) were enrolled from friends of obese patients and hospital staff as the control group. Inclusion criteria for HC were Caucasian adults, aged between 18 to 75 years without upper gastrointestinal complaints. Exclusion criteria were similar to that for Ob. Demographic characteristics (gender, age, smoking habits, school degree) and anthropometric data (weight, height and BMI) were collected for each HC.

Upper gastrointestinal symptoms
All patients were evaluated using a standardized questionnaire that assesses upper GI symptoms such as dysphagia for solids, dysphagia for liquids, regurgitation, heartburn, non-cardiac chest pain, cough, belching, nausea, bloating, early satiation, epigastric fullness, epigastric pain and epigastric burning with a scoring frequency from 0 to 3 (0 = absent, 1 = 2 d/wk; 2 = 3-5 d/wk; and 3 = 6 or 7 d/wk) and intensity from 0 to 3 (0 = absent; 1 = not very bothersome, not interfering with daily activities; 2 = bothersome, but not interfering with daily activities; and 3 = interfering with daily activities). A frequency-intensity score from 0 up to a maximum of 6 was obtained for each symptom[12].

Anhedonia
All participants were evaluated by the Snaith–Hamilton pleasure scale (SHAPS). The SHAPS is a self-assessment tool used to measure hedonic experience or positive patient value. It is composed of 14 items that cover four domains of pleasure: interests/pastimes, social interaction, sensory experiences and food/drink. Higher scores represent a reduction of hedonic tone. A score of three or more allows a categorical definition of anhedonia[23,24]. An Italian version of the SHAPS has been previously validated and has been used in routine clinical practice and research[25].

Binge eating behaviour
All participants were evaluated by the binge eating scale (BES), a specific questionnaire originally created to investigate binge-eating behavior in obese patients. The BES measures the behavioral aspects of binge eating, as well as the feelings and thoughts associated with such behavior[26]. It is a self-administered questionnaire composed of 16 multiple choice items: eight items that describe behavioral manifestations (for example, eating fast or consuming large amounts of food) and eight items on associated feelings and cognitions (for example, fear of not stopping eating)[27]. Each item has a response range from 0 to 3 points (0 = no severity of the BES symptoms, 3 = serious problems of the BES symptoms). Based on the BES total score, individuals can be categorized into three groups according to established cut scores of binge eating severity[28]. A frequent convention is to use the BES as a screening measure to classify all participants with scores greater than or equal to 17 as “binge eaters”[29,30].

Depression
All participants filled in the Beck Depression Inventory-II (BDI-II) scale. The BDI-II is a self-report questionnaire that is integrated into routine clinical practice (as screening tools) in large managed-care organizations. BDI-II follows the criteria for depression listed in the fourth edition of the DSM. The test consists of twenty-one questions that not only assess the presence of depression, but also the severity of depression as well[31]. Each question has a set of at least four possible responses ranging in intensity, with a value of 0 to 3 is assigned for each answer and the total score compared to a key to determine severity. The standard cut-off scores are as follows: 0-9: Indicates minimal depression; 10–18: Indicates mild depression; 19–29: Indicates moderate depression; 30-63: Indicates severe depression[32]. For this study we considered a cut-off for this questionnaire of 14, considering patients positive with a score higher than 14 and negative with a score lower than or equal to 14. An Italian version of the BDI-II was previously validated[33,34].

Anxiety
The state trait anxiety inventory (STAI) is one of the most widely used self-report measures for the presence and grade of anxiety. The questionnaires contain 20 items, with responses related to terms of intensity (from “almost never” to “almost always”). The items are grouped into two axes, which permit a distinction between existing anxiety (STAI-Y1) and predisposition to an anxious reaction as a personality characteristic (STAI-Y2). A score ≥ 40 is the cut-off value for both scales[35]. 

Functional dyspepsia criteria
All Ob were investigated for the presence of FD according to ROME IV criteria[36], after the exclusion of any organic disease. A complete physical examination, blood tests, upper GI endoscopy and additional tests were performed when indicated[37]. The scores were calculated for the 4 cardinal symptoms pragmatically described by the Rome IV Committee such as postprandial fullness, early satiation, epigastric pain, and epigastric burning (Table 1). The spectrum of FD includes patients suffering from the diagnostic categories of PDS which is characterized by meal-induced dyspeptic symptoms, epigastric pain syndrome (EPS) which refers to epigastric pain or epigastric burning that does not occur exclusively postprandially, can occur during fasting, and can be even improved by meal ingestion, and overlapping PDS and EPS, which is characterized by meal induced dyspeptic symptoms and epigastric pain or burning.

Outcome parameters
The primary outcomes were to evaluate upper GI symptoms, the level of anhedonia and BED in Ob with and without SG. Secondary outcomes were the evaluation of the coexistence of BED with depressive mood and anxiety as well as the relationship of anhedonia level with the outcome of BS. 

Statistical analysis
The data are expressed in frequencies and percentages for qualitative variables, as mean ± standard error (mean ± SE) for quantitative ones unless otherwise indicated. Significance was expressed at P < 0.05 level. When appropriate, a χ2 test for categorical data and analysis of variance for continuous data were used. We then performed a subgroup analysis to test the risk of having PDS according to the presence or absence of BED using a logistic model. Finally, using a regression analysis, we tested how much the EWL changed according to the level of anhedonia and to the intensity-frequency scores of PDS symptoms. The SPSS for Windows version 15.0 statistical package (SPSS Inc, Chicago, IL, United States) was used for statistical analysis.

RESULTS
[bookmark: _Hlk21360559]Obese patients without SG
Demographic characteristics, anthropometric data, and prevalence of comorbidities in Ob without SG and HC are shown in Table 2. Thirty-three/81 (40.7%) of Ob without SG vs 3/55 (5.5%) of HC reported a patient a pathological score for BED (> 17) at BES (P < 0.001).
STAI-Y1 and STAI-Y2 total scores were not significantly different in OB without SG and HC. Thirty nine percent of Ob without SG showed a pathological score at Beck Depression Inventory-II (BDI II) (> 14) and BDI II scores were significantly higher in Ob without SG compared to HC (Table 2). SHAPS mean scores did not differ among the two groups (Table 2) and the prevalence of anhedonia, according to DSM-V (score > 3), was similar in Ob without SG and HC (8.1% vs 6.2%, P = 0.69). 	
Frequency-intensity scores for selected upper GI symptoms such as dysphagia for solids, dysphagia for liquids, regurgitation, heartburn, non-cardiac chest pain, cough, belching, nausea, early satiation, epigastric fullness, epigastric pain and epigastric burning in Ob without SG are illustrated in Figure 1. According to the presence or absence of BED, the frequency intensity scores of the studied upper GI symptoms (dysphagia for solids, dysphagia for liquids, regurgitation, heartburn, non-cardiac chest pain, cough, belching, nausea, bloating) did not differ between Ob without SG who were positive or negative for BED (Table 3). 
The prevalence of FD, according to Rome IV criteria, was significantly higher in Ob without SG who were positive for BED compared to those who were negative for BED (36.7% vs 10.5%, P = 0.01). Specifically, except for two patients who complained of EPS symptoms, all the remaining Ob fulfilled the diagnostic criteria for PDS. Ob without SG who were positive for BED showed 4.7 higher risk of having FD, independent of age and gender (OR: 4.7; 95.0%CI: 1.23-18.24; P = 0.02) compared to Ob without SG who were negative for BED. Figure 2 describes the frequency-intensity score of the 4 cardinal FD symptoms in Ob without SG who were positive or negative for BED.
Mean SHAPS scores and the prevalence of anhedonia, according to DSM-V (score > 3) did not differ in Ob without SG positive or negative for BED (1.16 ± 1.30 vs 0.89 ± 1.02, P = 0.49 and 10.5 vs 5.6%, P = 0.58). Also, BDI II score was similar in the two groups (10.3 ± 2.6 vs 16.7 ± 2.7, P = 0.09). Although mean STAI-Y1 scores were not significantly different among the two groups (P = 0.43), mean STAI-Y2 scores were significantly higher in Ob without SG positive for BED (42.2 ± 1.5 vs 39.6 ± 1.0, P = 0.04).

Obese patients with SG
Obese patients having undergone SG (Ob with SG) were similar for age and sex to Ob without SG (Table 4). Fifty-four percent of Ob with SG achieved surgical success (EWL > 50%). A significantly lower frequency of pathological score for BED (> 17) at BES was reported in Ob with SG than Ob without SG (11.4% vs 40.7%, P = 0.001). SHAPS mean scores shown in Table 4 and the prevalence of anhedonia, according to DSM-V (score > 3) (18.2 vs 8.1%, P = 0.2) did not differ among the two groups. Total mean BES, BDI II, STAI-Y1 and STAI-Y2 in Ob with SG compared to those without SG are reported in Table 5. Frequency-intensity scores of other upper GI symptoms such as dysphagia for solids, dysphagia for liquids, regurgitation, heartburn, non-cardiac chest pain, cough, belching, nausea, bloating was not significantly different among the two groups (Table 6).
Thirty-five percent of Ob with SG fulfilled the diagnosis of FD, in particular PDS, according to Rome IV criteria; frequency-intensity scores of early satiation and postprandial fullness were significantly higher in Ob with SG compared to those without SG (Figure 3). In Ob with SG accordingly to the presence or absence of BED the frequency-intensity scores of early satiation and postprandial fullness did not differ (2.0 ± 1.4 BED positive vs 2.28 ± 0.4 BED negative). In Ob with SG the regression analysis showed that EWL is negatively related to SHAPS total mean scores [adjusted B -7. 099 (95%CI: -13.909 to -0.290), P = 0.04] independent of early satiation and postprandial fullness.

DISCUSSION
In this study two groups of Ob were evaluated. In the group without SG a higher prevalence of BED, depression and anxiety disorders but not anhedonia was observed in comparison with HC. Moreover, Ob without SG fulfilling BED criteria showed more anxiety and a higher risk of having FD. The other group of Ob with SG showed a turnabout of BED, depression and anxiety levels and a marked increase in PDS prevalence compared to Ob without SG. In addition, a higher excess weight loss was significantly associated with a lower anhedonia level.
This is, to the best of our knowledge, the first study to assess the relationships among psychiatric comorbidity and upper GI symptoms in Ob with and without SG. Depression was repeatedly associated with an overconsumption of food[38,39] and BED[40]. The presence of anhedonia, irrespective of whether the participant had received a diagnosis of major depression or dysthymia, was associated with uncontrolled, emotional eating[17]. Many studies claim that the prevalence of anxiety disorders is higher than the general population for all ED[41] as well as trait anxiety is associated with increased rates of compensatory behaviors, binge eating, and body dissatisfaction[42]. BED correlates with an increased BMI[6,7] and is a common findings in Ob undergoing BS and influences their outcome. It is already known that the frequency of FD according to Rome III criteria was similar in Ob and control subjects, while Ob with coexisting BE behavior have a higher prevalence of PDS[12]. In this study we confirmed this result with the new Rome IV criteria as well as the finding that early satiation is not a feature of Ob without SG. This finding is consistent with the datum that satiation signals that inhibit ingestion are reduced with increased BMI[43]. Conversely, the increase in frequency and severity of postprandial fullness in Ob without SG that fulfilled BED criteria might be explained by an excessive food intake over a relatively short time that could potentially impair the functional accommodation and the gastric emptying[12]. 
Our study cannot establish the direction of effect of these associations with regard to obesity, depression, anhedonia, anxiety, eating behavior and upper GI symptoms because of the design; however, our results suggest that in Ob without SG, the presence of BED might be a dominant player in determining FD. On the other side, concerning the psychological aspect, Ob with SG showed a reduced depression severity but an increased level of anxiety compared to Ob without SG; however, the level of anhedonia did not differ between the two Ob groups. It has been previously demonstrated that bariatric surgery might decrease depression and mental health issues post-surgery[44]. Higher rates of post-surgical depression are associated with less weight loss success[44]. Furthermore, our results demonstrated for the first time that EWL after SG was negatively related to anhedonia. In other words, the more a subject is anhedonic, less surgical success was achieved. A previous study has already suggested that weight loss was greater among participants without anhedonia that participated to a weight loss counseling intervention healthy program[17]. The prevalence of BED was lower in Ob with SG compared to Ob without SG. Since BED might negatively affect surgical outcome, it is possible that Ob with BED did not undergo BS[10,11]. 
In Ob with SG early satiation and postprandial fullness are more frequent than in Ob without SG, while epigastric pain and epigastric burning as well as other upper GI symptoms have the same frequency in both Ob groups. It is noteworthy that early satiation was absent in patients without SG; conversely, the reduction in gastric capacity following SG leads to a new onset of this symptom. Hence, our results suggest that in Ob with SG the increase of PDS symptoms is independent from the presence of BED.
Our data confirm a key role of epigastric symptoms in determining calorie intake in health, obesity, and dyspepsia. The complex and reciprocal interplay between biological, psychological, and social factors, rather than from linear monocausal etiopathogenetic processes is a common characteristic of both functional dyspepsia and obesity. For example, it is well known that individual assessment of obesity and development of counseling should include not only clinical factors such as body weight and dietary intake, but also an assessment of psychological factors such as psychological eating behavior traits. Rome IV criteria that are based on the biopsychosocial approach could appeared unnecessary in the daily care of these Ob but still can serve as a useful guide to help understand through symptoms the complexity of the disease and to capture also other comorbidity of the clinical condition of Ob optimizing the treatment. In fact, regarding the management a physician who acknowledges the reality of the patient’s complaints, engages in an effective physician–patient interaction, and reduces symptom severity and health care seeking. Conversely, simply managing symptoms such as postprandial fullness may lead to perform unnecessary diagnostic studies to rule out pathologic disease and is likely to promote a vicious cycle of symptom anxiety and health care seeking[45]. Another strength of the present study is that our findings offer a screenshot of the Italian obese population. 
There are some limitations in this study. One is the relatively small sample size and the heterogeneity of patients that might have limited the ability to generalize the findings to wider clinical samples. Another limitation is the design of the study that weakens our findings as compared to results from a prospective longitudinal study that are needed to establish a causal relationship among anhedonia, BED and upper GI symptoms. Moreover, all data were collected using self-reported questionnaires that might reflect the participant's own perspective. However, the simplicity of the questionnaire makes it somewhat easy for the participants to give accurate information questionnaires and they were validated in Italian language.
In conclusion, the results of the current study suggest that a more regular screening of PDS symptoms accordingly to Rome Criteria when evaluating obese patients before bariatric surgery might help to disclose the presence of BED that may jeopardize postsurgical outcomes. Although anhedonia was not associated with BED in this study, worse surgical outcome was observed in patients with anhedonia independent of the higher intensity-frequency scores of early satiation and postprandial fullness. An individual assessment of psychological factors such anhedonia should be incorporated into tailoring future treatment interventions in patients with unfavorable surgical outcome. Further research is urgently required to understand the pathophysiological interactions between anhedonia, BED and the onset of upper GI symptoms in morbidly obese patients pre and post bariatric surgery.

ARTICLE HIGHLIGHTS
Research background 
Obesity is increasing in industrialized countries. Among bariatric procedures for weight loss sleeve gastrectomy (SG) has emerged as an effective treatment of morbid obesity. The association between obesity and some psychopathological features, specifically binge eating disorder (BED) is frequent. Anhedonia was associated with uncontrolled, emotional and binge eating. Weight loss was greater in obese patients (Ob) without anhedonia. Ob with BED have a higher prevalence of postprandial distress syndrome (PDS), a subtype of functional dyspepsia (FD) according to Rome III criteria and, an increase of PDS has been described in Ob after SG. 

Research motivation
The effect of specific patterns of eating behavior such as BED and on the development of FD symptoms has not yet been completely defined in Ob with and without SG. There are no studies investigating the presence of anhedonia in Ob with and without SG and its relationship to PDS symptoms.

Research objectives
In this study we aimed to assess the relationship among anhedonia, BED and upper gastrointestinal symptoms in two group of morbidly Ob with and without SG.

Research methods
 Ob without SG, Ob with SG and healthy controls (HC) the binge eating scale (BES) to investigate BED, the validated 14 items Snaith-Hamilton pleasure scale (SHAPS) to assess anhedonia, the Beck Depression Inventory-II (BDI II) and state trait anxiety inventory (STAI) questionnaires to screen for depression and anxiety. They were diagnosed for the presence of functional dyspepsia (FD) and its subtypes according to ROME IV criteria. 

Research results
Ob without SG who were positive for BED had a 4.7 higher risk of FD and a higher STAI-Y2 scores than Ob negative for BED, while SHAPS scores and BDI II did not differ between the two groups. Ob with SG showed a higher prevalence of PDS and STAI-Y1 and STAI-Y2 scores compared to Ob without SG. Conversely, Ob with SG had a lower prevalence of BED and BDI-II than Ob without SG. Excess weight loss was negatively related to SHAPS total mean scores [adjusted B – 7. 099 (95%CI: -13.91- -0.29), P = 0.04].

Research conclusions
Ob without SG showed a higher prevalence of PDS, mood disorders and anxiety when positive for BE behavior. Ob with SG showed a higher prevalence of PDS compared to Ob without SG. Concerning psychological aspect, BED and depression are less frequent in the Ob with SG, while both state and trait anxiety are significantly higher. Moreover, the more an Ob with SG is anhedonic, less surgical success was achieved.  

Research perspectives
A more regular screening of PDS symptoms accordingly to Rome IV Criteria before bariatric surgery might help to disclose the presence of BED. An individual assessment of psychological factors such anhedonia should be incorporated into tailoring future treatment interventions in patients with unfavorable surgical outcome. 
Further research is urgently required to understand the pathophysiological interactions between anhedonia, BED and the onset of upper GI symptoms in morbidly obese patients pre and post bariatric surgery.
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Figure Legends
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Figure 1 Frequency-intensity scores for selected upper gastrointestinal symptoms in obese patients without sleeve gastrectomy. Ob: Obese patients; SG: Sleeve gastrectomy.
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Figure 2 Frequency-intensity scores (m ± SE) of the 4 cardinal symptoms: early satiation, postprandial fullness, epigastric pain, and epigastric burning in obese patients without sleeve gastrectomy who were positive or negative for Binge eating disorder. Ob: Obese patients; SG: Sleeve gastrectomy; BED: Binge eating disorder.
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Figure 3 The frequency-intensity scores (m ± SE) of the 4 cardinal symptoms: Early satiation, postprandial fullness, epigastric pain, and epigastric burning in the studied obese patients without sleeve gastrectomy and obese patients with sleeve gastrectomy. Ob: Obese patients; SG: Sleeve gastrectomy.

Table 1 Diagnostic criteria for functional dyspepsia[37]
	Functional dyspepsia

	One or more of the following:
	And 
	No evidence of structural disease (including at upper endoscopy) that is likely to explain the symptoms

	Bothersome postprandial fullness
	
	

	Bothersome early satiation
	
	

	Bothersome epigastric pain
	
	

	Bothersome epigastric burning
	
	

	Post Prandial distress syndrome
	
	Epigastric pain syndrome

	must include one or both of the following at least 3 d/w:
	
	must include at least 1 of the following symptoms at least 1 day/ w:

	Bothersome postprandial fullness (ie, strict enough to impact on usual activities)
	
	Bothersome epigastric pain (ie, severe enough to impact on usual activities)

	Bothersome early satiation (ie, severe enough to prevent finishing a regular-size meal)
	
	Bothersome epigastric burning (ie, severe enough to impact on usual activities)




Table 2 Demographic characteristics, anthropometric data, and prevalence of comorbidities in obese patients without Sleeve Gastrectomy and healthy control
	
	Ob without SG (n = 81)
	HC (n = 55)

	Gender (M/F)
	23/58
	18/37

	Age (yr)
	36.5 ± 1.3
	36.7 ± 1.2

	Weight (kg)
	122.1 ± 3.2
	64 ± 2.5b

	BMI (kg/m2)
	44.4 ± 0.9
	23.2 ± 0.6b

	Ethnic origin (Caucasian)
	100
	100

	Smoking 
	27.7
	14.3

	Number of cigarettes per day
	22.5 ± 3.7
	11 ± 1.0

	Diabetes 
	8.5
	0

	Hypertension 
	19.1
	7.1

	Dyslipidemia 
	25.5
	14.3

	Respiratory diseases 
	42.6
	0b

	Musculoskeletal disorders 
	19.1
	0

	BES
	15.5 ± 0.9
	5.4 ± 0.6b

	STAI-Y1 
	39.7 ± 0.9
	41.1 ± 1.7

	STAI-Y2 
	40.1 ± 0.9
	41.2 ± 1.6

	BDI 2
	13.8 ± 1.9
	5.8 ± 0.5b

	SHAPS
	1.0 ± 0.2
	0.8 ± 0.1


Data are expressed as percentage (%) or as mean ± SE. bP < 0.01 vs HC. M: Male; F: Female; BMI: Body mass index; BES: Binge eating disorder; SHAPS: Snaith-Hamilton pleasure scale; BDI II: Beck depression inventory-II; STAI: State trait anxiety inventory; HC: Healthy control; Ob: Obese patients; SG: Sleeve gastrectomy.

Table 3 Frequency intensity scores of the studied gastrointestinal symptoms such as dysphagia for solids, dysphagia for liquids, regurgitation, heartburn, non-cardiac chest pain, cough, belching, nausea, bloating in obese patients without sleeve gastrectomy who were positive or negative for binge eating disorder
	
	Ob without SG positive for BED (n = 33)
	Ob without SG negative for BED (n = 48)
	

	Dysphagia for solids
	0.34 ± 0.19
	0.10 ± 0.07
	0.20

	Dysphagia for liquids
	0
	0.10 ± 0.07
	0.22

	Regurgitation
	0.68 ± 0.24
	1.33 ± 0.29
	0.11

	Heartburn
	1.28 ± 0.39
	1.45 ± 0.30
	0.72

	Non cardiac chest pain
	0.21 ± 0.15
	0.05 ± 0.05
	0.28

	Cough
	0.14 ± 0.10
	0.05 ± 0.05
	0.40

	Belching
	0.72 ± 0.28
	0.62 ± 0.22
	0.76

	Nausea
	0.14 ± 0.10
	0.18 ± 0.16
	0.84

	Bloating
	1.52 ± 0.33
	0.85 ± 0.26
	0.11


[bookmark: _Hlk40338192]Data were expressed as mean ± SE. BED: Binge eating disorders; Ob: Obese patients; SG: Sleeve gastrectomy.

Table 4 Demographic characteristics, anthropometric data, and prevalence of comorbidities in obese patients with sleeve gastrectomy
	
	Ob with SG
(n = 45)

	Gender (M/F)
	7/38

	Age (yr)
	38.36 ± 1.6

	Weight (kg)
	88.47 ± 3.2

	BMI (kg/m2)
	32.74 ± 1.0

	WL
	29.61 ± 2.2

	EWL (%)
	53.41 ± 3.45

	Months since the operation
	25.67 ± 5.14

	Ethnic origin (Caucasian %)
	45

	Smoking (%)
	35.3%

	Number of cigarettes per day
	13.17 ± 3.5

	Diabetes (%)
	9.1%

	Hypertension (%)
	18.2%

	Dyslipidemia (%)
	36.4%

	Respiratory diseases (%)
	54.5%

	Musculoskeletal disorders (%)
	45.5%


Data are expressed as percentage (%) or as mean ± SE. M: Male; F: Female; BMI: Body mass index; WL: Weight loss; EWL: Excess weight loss; Ob: Obese patients; SG: Sleeve gastrectomy.


Table 5 Total mean scores at questionnaires in obese patients without sleeve gastrectomy and with sleeve gastrectomy
	
	Ob without SG
	Ob with SG

	BES 
	15.5 ± 0.9
	9.4 ± 1.1b

	STAI-Y1 
	39.7 ± 0.9
	44.7 ± 1.1b

	STAI-Y2 
	40.1 ± 0.9
	44.7 ± 1.3b

	BDI II
	13.8 ± 1.9
	6.8 ± 1.2b

	SHAPS
	1.0 ± 0.2
	1.1 ± 0.3


Data are expressed as mean ± SE. bP < 0.01 vs OB with SG. BES: Binge eating disorder; SHAPS: Snaith-Hamilton pleasure scale; BDI II: Beck depression inventory-II; STAI: State trait anxiety inventory; Ob: Obese patients; SG: Sleeve gastrectomy.

Table 6 Upper gastrointestinal symptoms in obese without sleeve gastrectomy and obese with sleeve gastrectomy
	
	Ob without SG
	Ob with SG

	Dysphagia for solids
	0.21 ± 0.09
	0.15 ± 0.15

	Dysphagia for liquids
	0.06 ± 0.04
	0.15 ± 0.15

	Regurgitation
	1.06 ± 0.2
	1.38 ± 0.34

	Heartburn
	1.38 ± 0.23
	0.96 ± 0.33

	Non cardiac chest pain
	0.12 ± 0.07
	0.38 ± 0.22

	Cough
	0.09 ± 0.05
	0.15 ± 0.15

	Belching
	0.66 ± 0.17
	0.46 ± 0.20

	Nausea
	0.16 ± 0.09
	0.42 ± 0.26

	Bloating
	1.13 ± 0.21
	0.23 ± 0.17b


bP < 0.01 vs Ob with SG. Ob: Obese patients; SG: Sleeve gastrectomy.
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